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(57) ABSTRACT 

A multi-carrier transmission system using orthogonal carri 
ers With high order QAM constellations for the transmission 
of multiple bits per carrier and symbol. Such systems place 
high demands on the synchronization of the receiver With 
the transmitter. The maximum permitted deviation from 
exact synchronization is usually a small fraction of a sam 
pling interval. A reserve carrier, the pilot carrier, Which is 
given a ?xed phase, is usually used as the reference to 
achieve this high accuracy. The receiver sampling clock 
oscillator is phase locked to the pilot carrier. It is therefore 
necessary to estimate the phase of the pilot carrier. Using a 
bandpass ?lter to recover the pilot carrier, regardless of the 
frame structure of the DMT signal, does not eliminate the 
in?uence of neighboring carriers on the pilot carrier. 
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MULTI-CARRIER TRANSMISSION SYSTEMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to multi-carrier transmission 

systems using orthogonal carriers With high order QAM 
constellations, in Which a receiver sampling clock is phase 
locked to a pilot carrier. In particular, the invention relates to 
receivers and transceivers for use With such systems and a 
method of estimating a pilot carriers phase in such systems. 

2. Discussion of the Background 
The demand for provision of multi-media and other 

bandWidth services over telecommunications netWorks has 
created a need to transmit high bit rate traf?c over copper 
pairs. This requirement has led to the development of a 
number of different transmission schemes, such as, ADSL 
and VDSL. One of the more likely modulation systems for 
all these transmission schemes is a line code knoWn as DMT 
(discrete multi-tone), Which bears some resemblance to 
orthogonal frequency division multiplex, and is a spread 
spectrum transmission technique. 

In discrete multi-tone transmission, the available band 
Width is divided into a plurality of sub-channels each With a 
small bandWidth, 4 kHZ perhaps. Traf?c is allocated to the 
different sub-channels in dependence on noise poWer and 
transmission loss in each sub-channel. Each channel carries 
multi-level pulses capable of representing up to 11 data bits. 
Poor quality channels carry feWer bits, or may be completely 
shut doWn. 

Because inter pair interference in copper pair cables is 
higher Where data is transmitted in both directions, i.e. 
symmetric duplex, a number of transmission schemes have 
proposed the use of asymmetric schemes in Which high data 
rates are transmitted in one direction only. Such schemes 
meet many of the demands for high bandWidth services, 
such as, video-on-demand but, in the long term, symmetric 
duplex systems Will be required. 
VDSL technology resembles ADSL to a large degree, 

although ADSL must cater for much larger dynamic ranges 
and is considerably more complex as a result. VDSL is loWer 
in cost and loWer in poWer, and premises VDSL units need 
to implement a physical layer media access control for 
multiplexing upstream data. 

Four line codes have been proposed for VDSL: 
CAP; Carrierless AM/PM, a version of suppressed carrier 
QAM, for passive NT con?gurations, CAP Would use 
QPSK upstream and a type of TDMA for multiplexing 
(although CAP does not preclude an FDM approach to 
upstream multiplexing); 

DMT; Discrete Multi-Tone, a multi-carrier system using 
Discrete Fourier Transforms to create and demodulate 
individual carriers, for passive NT con?gurations; 
DMT Would use FDM for upstream multiplexing 
(although DMT does not preclude a TDMA multiplex 
ing strategy); 

DWMT; Discrete Wavelet Multi-Tone, a multi-carrier 
system using Wavelet Transforms to create and 
demodulate individual carriers, DWMT also uses FDM 
for upstream multiplexing, but also alloWs TDMA; and 

SLC; Simple Line Code, a version of four-level baseband 
signalling that ?lters the base band and restores it at the 
receiver, for passive NT con?gurations; SLC Would 
most likely use TDMA for upstream multiplexing, 
although FDM is possible. 
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2 
Early versions of VDSL Will use frequency division 

multiplexing to separate doWnstream from upstream chan 
nels and both of them from POTS and ISDN. Echo cancel 
lation may be required for later generation systems featuring 
symmetric data rates. A rather substantial distance, in 
frequency, Will be maintained betWeen the loWest data 
channel and POTS to enable very simple and cost effective 
POTS splitters. Normal practice Would locate the doWn 
stream channel above the upstream channel. HoWever, the 
DAVIC speci?cation reverses this order to enable premises 
distribution of VDSL signals over coaxial cable systems. 
Modern multi-carrier transmission systems, using 

orthogonal carriers With high order QAM constellations for 
the transmission of multiple bits per carrier and symbol, 
place high demands on the synchronisation of the receiver 
With the transmitter. The maximum permitted deviation 
from exact synchronisation is usually a small fraction of a 
sampling interval. Areserved carrier, the pilot carrier, Which 
is given a ?xed phase, is usually used as the reference to 
achieve this high accuracy. The receiver sampling clock 
oscillator is phase-locked to the pilot carrier. It is, therefore, 
necessary to estimate the phase of the pilot carrier. Using a 
bandpass ?lter to recover the pilot carrier, regardless of the 
frame structure of the DMT signal, does not eliminate the 
in?uence of neighbouring carriers on the pilot carrier. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide, in a 
multi-carrier transmission system, a method of estimating 
the phase of a pilot carrier Which exploits the orthogonality 
of carriers to avoid the in?uence of neighbouring carriers on 
the pilot carrier. 

It is an object of the present invention to provide, for use 
With a multi-carrier transmission system, a receiver, 
arranged to estimate the phase of a received pilot carrier by 
exploiting the orthogonality of carriers to avoid the in?uence 
of neighbouring carriers on the pilot carrier. 

It is an object of the present invention to provide, for use 
With a multi-carrier transmission system, a transciever, 
arranged to estimate the phase of a received pilot carrier by 
exploiting the orthogonality of carriers to avoid the in?uence 
of neighbouring carriers on the pilot carrier. 

According to a ?rst aspect of the present invention, there 
is provided a receiver, for use With a multi-carrier transmis 
sion system using orthogonal carriers With high order QAM 
constellations, in Which a receiver sampling clock is phase 
locked to a pilot carrier, characterised in that said receiver 
includes: 

selection means adapted to select a frame from a stream 
of received time domain data; 

a one-frequency DFT means for performing a one 
frequency DFT on said selected frame, to produce a 
complex number, representing said pilot carrier, Whose 
argument is the pilot carrier’s phase; and 

and processor means for deriving said argument from said 
complex number. 

Said multi-carrier system may be a DMT system. 
Said processor means may be adapted to derive said 

argument from said complex number by an inverse tangent 
operation. 

Said receiver may include correlator means adapted to 
derive a frame start signal from said stream of time domain 
data. 

Said selection means may be adapted to use said frame 
start signal to select a frame from the stream of received time 
domain data. 
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Said one-frequency DFT means may be a FFT processor. 
Alternatively, said one-frequency DFT means may com 

prise a complex multiplier having: 
as a ?rst input a stream of digitized input samples; 
as a second input an output from a complex exponential 

table means; and 
an output connected to a complex accumulator; an output 

from said complex accumulator being said pilot carrier 
components. 

Said complex exponential table means and said complex 
accumulator may be controlled by signals derived from 
frame timing logic means. 

Said multi-carrier transmission system may be a multi 
tone based VDSL system. 

According to a second aspect of the present invention, 
there is provided a transciever, including a transmitter and a 
receiver, characterised in that said receiver is a receiver as 
set forth above. 

According to a third aspect of the present invention, there 
is provided a multi-carrier transmission system using 
orthogonal carriers With high order QAM constellations, in 
Which a receiver sampling clock is phase locked to a pilot 
carrier, characterised in that said multi-carrier transmission 
system includes tWo transceivers as set forth in the preced 
ing paragraph. 

According to a fourth aspect of the present invention, 
there is provided in a multi-carrier transmission system, 
having a transmitter and a receiver and in Which said 
transmitter transmits a pilot carrier to said receiver, a method 
of estimating said pilot carrier’s phase, characterised by 
performing a signal processing operation on portions of a 
data stream, in Which carriers are orthogonal, in order to 
minimise the effects caused by adjacent carriers. 

According to a ?fth aspect of the present invention, there 
is provided in a multi-carrier transmission system using 
orthogonal carriers With high order QAM constellations, and 
in Which a pilot carrier is transmitted by a ?rst transmitter to 
a ?rst receiver, a method of phase locking said ?rst receiv 
er’s sampling clock to said pilot carrier, characterised by: 

selecting a frame from a stream of received time domain 

data; 
performing a one-frequency DFT on said selected frame, 

to produce a complex number, representing said pilot 
carrier, Whose argument is the pilot carrier’s phase; and 

deriving said argument from said complex number. 
Said argument may be derived from said complex number 

by an inverse tangent operation. 
A frame start signal may be derived from said stream of 

time domain data by a correlation process. 
Said frame start signal may be used to select a frame from 

the stream of received time domain data. 
Said one-frequency DFT may be performed by means of 

a FFT processor. 
Alternatively, said one-frequency DFT may include the 

steps of: 
multiplying a stream of digitiZed input samples by values 

derived from a table of complex exponential values; 
and 

processing the results of said multiplication in a complex 
accumulator; to yield said pilot carrier components. 

Said multi-carrier transmission system may be a multi 
tone based VDSL system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention Will noW be described, by 
Way of example, With reference to the accompanying 
draWings, in which: 
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4 
FIG. 1 illustrates, in schematic form, an asymmetric 

communications system. 
FIG. 2 illustrates, in schematic form, a DMT system. 
FIG. 3 illustrates, graphically, the channel separations 

used in an asymmetric DMT transmission system. 
FIG. 4 illustrates, in schematic form, the basic blocks of 

a multi-tone carrier system modem to Which the present 
invention relates. 

FIG. 5 illustrates, in schematic form, a partitioning of the 
multi-tone carrier system modem, shoWn in FIG. 4, used to 
facilitate implementation. 

FIG. 6 illustrates, in graphical form, copper pair spectrum 
allocation. 

FIG. 7 illustrates, in schematic form, the frame structure 
used in the multi-tone carrier system described herein. 

FIG. 8 illustrates, in schematic form, the analog interface 
for the multi-tone carrier system modem, shoWn in FIG. 4. 

FIG. 9 illustrates, in graphical form, the dependence of 
signal-to-noise ratio on frequency for the multi-tone carrier 
system described herein. 

FIG. 10 illustrates, in schematic form, the FFT algorithm 
used in the multi-tone carrier system modem, shoWn in FIG. 
4. 

FIG. 11 illustrates, in schematic form, the frame correla 
tion principle used in the multi-tone carrier system modem, 
shoWn in FIG. 4. 

FIG. 12 illustrates, in schematic form, implementation of 
a correlator for use With the multi-tone carrier system 
modem, shoWn in FIG. 4. 

FIG. 13 illustrates, in schematic form, the averager used 
in the correlator of FIG. 12. 

FIG. 14 illustrates, in schematic form, a correlation posi 
tion detector for use With the multi-tone carrier system 
modem, shoWn in FIG. 4. 

FIG. 15 illustrates, in schematic form, an overvieW of the 
synchroniZation unit employed in the multi-tone carrier 
system modem, shoWn in FIG. 4. 

FIG. 16 illustrates, in schematic form, an overvieW of the 
FFT/IFFT unit employed in the multi-tone carrier system 
modem, shoWn in FIG. 4. 

FIG. 17 illustrates, in schematic form, the use of a cyclic 
pre?x. 

FIG. 18 illustrates, in schematic form, a decision directed 
channel estimation and equalisation system for use in the 
multi-tone carrier system modem, shoWn in FIG. 4. 

FIG. 19 illustrates, QAM encoding for b=6. 
FIG. 20 illustrates, in schematic form, the realisation of 

the calculation of bit-loading and energy-loading factors 
employed in the multi-tone carrier system modem, shoWn in 
FIG. 4. 

FIG. 21 illustrates, in schematic form, an overvieW of the 
system controller interface used in the multi-tone carrier 
system modem, shoWn in FIG. 4. 

FIG. 22 illustrates, in schematic form, the manner in 
Which tWo of the multi-tone carrier system modems, shoWn 
in FIG. 4, are interconnected to create a multi-tone carrier 
transmission system. 

FIG. 23 illustrates in schematic form, the vector manage 
ment system employed in the multi-tone carrier system 
modem, shoWn in FIG. 4. 

FIG. 24 illustrates, BSI length. 
FIG. 25 illustrates, in schematic form, NU SC load 

distribution for BSI interrupts for the multi-tone carrier 
system modem, shoWn in FIG. 4. 
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FIG. 26 illustrates the SUS pattern for the multi-tone 
carrier system modem, shown in FIG. 4. 

FIG. 27 illustrates the DAS pattern in schematic form, for 
the multi-tone carrier system modem, shoWn in FIG. 4. 

FIG. 28 illustrates, in schematic form, Wake-up signalling 
for the multi-tone carrier system modem, shoWn in FIG. 4. 

FIGS. 29 to 31 illustrate the set-up sequence for the 
multi-tone carrier system modem, shoWn in FIG. 4. 

FIG. 32 illustrates, in schematic form, a network over 
vieW for a VDSL modem application netWork interface. 

FIG. 33 illustrates a block diagram of a pilot phase 
estimator. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

To facilitate an understanding of the present invention, a 
glossary of the abbreviations used in this patent speci?cation 
are set out beloW: 

ADC: Analog-to-Digital Converter 
AIS: Alarm In Signal 
ASIC: Application Speci?c Integrated Circuit 
BPSK: Binary Phase Shift Keying 
BSI: Base synch interval 
BSI-D: BSI for doWnlink connection 

BSI-U: BSI for uplink connection 
CCH: Control channel 

CM1: Carrier mode 1, bit-loaded and used carrier 

CM2: Carrier mode 2, masked out, or disabled, carrier 
CM3: Carrier mode 3, Zero bit-loading enabled carrier 

CP: Cyclic Pre?x 
DAC: Digital-to-Analog Converter 
DAS: DF3 frame sequence 

DF1: Data frame, random data parallel CCH 
DF2: Data frame, random data one CCH 

DF3: Data frame, fully bit loaded one CCH 
DFT: Discrete Fourier Transform 

DMT: Discrete Multi Tone 

DWMT: Discrete Wavelet Multi-Tone 

EMC: Electro Magnetic Compatibility 
FEC: ForWard Error Correction 

FEXT: Far End Cross Talk 

FFT: Fast Fourier Transform 

FTTN: Fibre To The Node 

G1 MUSIC: generation one, prototype system (vme 
based) 

G2 MUSIC: three+tWo ASIC implementation 
G3 MUSIC: tWo chip silicon implementation 
IFFT: Inverse Fast Fourier Transform 

IIR: In?nite Impulse Response 
ISDN: International Standard for Digital NetWorks 
ISI: Inter-Symbol Interference 
JTAG: Joint Test Action Group 
LEX: Local Exchange 
LP: LoWpass 
NT: NetWork Termination 
NU: NetWork Unit 

OFDM: Orthogonal Frequency Division Multiplexing 
ONU: Optical NetWork Unit 
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PGA: Programmable Gain Attenuator 
POTS: Plain Old Telephony Service 

QAM: Quadrature Amplitude Modulation 
SC: System Controller 
SDH: Synchronous Digital Hierarchy 
SF: Synch frame 
SNR: Signal-to-Noise Ratio 
STB: Set Top Box 

SUS: Synch frame sequence 
SUS1: SF and DF1 frame sequence 

SUS2: SF and DF2 frame sequence 

TA: Time Advance 

TDMA: Time Division Multiple Access 
UTP: Unshielded TWisted Pair 

VCXO: Voltage Controlled Crystal Oscillator 
VDSL: Very high bit-rate Digital Subscriber Lines 
The system, to Which the present invention relates, is for 

convenience referred to as MUSIC—MUlti-carrier System 
for the Installed Copper netWork. MUSIC is intended to 
provide high-speed communication on telephone copper 
Wire pairs for supporting broadband multimedia services. 

The MUSIC system, described in this, and the cross 
referenced patent speci?cations . . . , offers a cost-effective 

robust customer implementation in silicon, providing 26:2 
or 13:2 Mbps asymmetric transmission over copper cables 
(<1300 meters) for use on existing local telephony netWorks. 
The MUSIC system can be accessed using the netWork 

concept knoWn as Fibre To The Node (FITN), using optical 
?bres, each serving many users, up to a cabinet near the 
users’ homes. Thus, the cable length speci?cation for 
MUSIC can be successfully limited to 1300 meters. 
The MUSIC system is primarily intended for the trans 

mission of a high (26 Mbps) bit-rate signal doWnstream to 
the subscriber and a loW (2 Mbps) bit-rate signal upstream, 
from the subscriber. 

FIG. 1 illustrates the MUSIC system. AnetWork unit, NU, 
is connected to the ?xed netWork by an optical ?bre link, 
(FITN). A netWork termination, NT, connected to a multi 
media application, eg video on demand, is linked to the NU 
via copper cable. The MUSIC system supports a high doWn 
stream data rate and a much loWer up stream data rate. 

In the MUSIC system, described herein, tWo ?xed bit 
rates (13:2, 26:2 Mbps) are supported, the loWer bit rate, 
13:2 Mbps, can be implemented as an extra option for use 
With poor, or extremely long, copper cables. 

For the netWork termination (NT), the connection consists 
of a set of standard interfaces, such as, POTS, ISDN, ATM25 
and Ethernet. All transfer protocols are carried by the 
modem data stream, except for the POTS service, Which is 
passively ?ltered out so that it is independent of modem 
status. The netWork unit (NU) terminates in the ?xed net 
Work. 
MUSIC separates the up and doWnlink spectra by passive 

?ltering in the analog parts. 
The version of MUSIC, described herein, is intended to 

alloW for future functionality upgrades. For this reason, the 
FFT/IFFT block is designed to support full functionality so 
that it can be reused in future upgrades of the system. 
The MUSIC system is a DMT-based, multi-carrier, VDSL 

system, using Discrete Fourier Transforms to create and 
demodulate individual carriers. This is illustrated in FIG. 2, 
Which shoWs tWo transceivers each of Which has a receiver, 
Rx, and a transmitter, Tx, connected to a tWisted copper pair. 
Data is transmitted betWeen the tWo transceivers using a 
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plurality of carriers, some of Which may not be used, eg 
Where channel quality is extremely poor. The number of bits 
conveyed by each carrier may also vary, depending on 
channel quality. 
A multi-carrier modulation technique, such as DMT, 

handles frequency dependent loss and noise in tWisted 
pair-cables in an ef?cient manner. In the MUSIC system, the 
available 10 MHZ bandWidth is divided into 1024 carriers 
each of Which is 9.77 kHZ Wide. The allocated transmission 
poWer for the individual carriers depends on the noise poWer 
and the transmission loss in each band. Every carrier carries 
multilevel pulses that can represent up to 12 bits of data 
(4096 QAM). The individual carrier’s signal-to-noise ratio 
(SNR) is calculated on the receiver side. If a carrier has a 
high SNR, up to 12 bits are placed on that carrier. For 
carriers With loW SNR values, feWer bits are placed on the 
carrier. Carriers affected by narroWband interferers are 
turned off. ForWard error correction and data interleaving is 
used to mitigate the effects of occasional bursts of impulse 
noise. 

Asymmetric VDSL is implemented in this version of the 
MUSIC system, Which means that the doWnstream rate is 
much higher than the upstream rate. TWo ?xed doWnstream 
rates (26/13 Mbps) are supported by the system, the chosen 
rate depends on the actual cable length (<1300 meters) 
and/or the quality of the channel. The upstream rate is ?xed 
at 2 Mbps. Different frequency bands can be used in the 
MUSIC system to separate the doWnstream channel from 
upstream channel and both from POTS, see FIG. 3. 

Alternatively, other duplex methods can be used, eg 
TDMA and/or a method Where every other carrier is dedi 
cated for the doWnstream and upstream channel. 

FIG. 4 shoWs an overvieW of a MUSIC modem to Which 
the present invention relates. The main hardWare blocks are 
ADC and DAC, synchroniZation, fourier transform 
processing, channel estimation/equaliZer, symbol mapping 
and detection, coding and decoding With interleaving, net 
Work interface and system controller. 

The modem can be considered in terms of four principle 
functional blocks, namely: 

the digital receiver unit; 
the digital transmitter unit; 
the analog front end; and 
the system controller/PCI. 
The analog front end includes a hybrid transformer con 

nected to an unshielded tWisted pair and POTS. On the 
receiver side, the hybrid is connected, via a loW pass ?lter, 
LP, a programmable gain attenuator, PGA, to an analogue to 
digital convertor. A voltage controlled crystal oscillator, 
VCXO, is used to drive the analogue to digital convertor. On 
the transmitter side the hybrid is connected to a digital to 
analogue convertor via a loW pass ?lter. 

The digital receiver unit includes a fast fourier transform 
and resealing unit, FFT, connected, as shoWn in FIG. 4, to a 
synchronisation unit and a channel estimator. The channel 
estimator is connected, via a symbol detection unit and a 
de-interleaving an decoding unit, to a bit manipulation unit 
and thence to a netWork application interface. 

The digital transmitter unit includes a bit manipulating 
unit connected to an inverse fast fourier transform and 
scaling unit, IFFT, via an encoding and interleaving unit and 
a symbol mapping unit. 

The system control is connected to various functional 
units in the digital receiver and digital transmitter and to the 
netWork application interface and a computer interface, as 
shoWn in FIG. 4. 

The netWork interface connects the higher protocol level 
to the modem layer one functionality. This block is respon 
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8 
sible for providing the system With data at the con?gured bit 
rate, adding dummy frames if needed. 
The data is then channel coded and interleaved. The 

MUSIC system, herein described, uses a convolutional code 
combined With interleaving. Using a depth of multiple 
frames, a combined frequency/time interleaving is obtained 
(see later in this speci?cation). 
The symbol mapping block receives the input data as an 

integer vector. This vector is mapped into the con?gured 
constellation depending on the current bit loading value. The 
mapper uses a Gray-coding scheme to reduce the probability 
of bit errors. 
A real vector multiplication is the ?rst step in the IFFT 

block. This enables the system to scale the output poWer 
level of each carrier. The IFFT block then performs a real 
2048 points inverse FFT on the input data, modulating each 
carrier. As a ?nal step, an address Wrap around is performed 
on the output data, adding a copy of the ?rst 128 samples at 
the end of the frame. This is called the cyclic pre?x (CP). 
The modulated signal passes to a DAC Which converts the 

signal With a minimum true dynamic range of 84 dB. The 
DAC is clocked by the system sample clock at 20 MHZ. To 
remove Nyquist ghosts the signal is LP ?ltered. The hybrid 
provides a balanced interface to the copper cable. 
An overvieW of the MUSIC transmitter and receiver 

signal path is shoWn in FIG. 4. The transmitter part uses the 
same hybrid construction as the receiver. 
At the receiver end, the splitter/hybrid transceiver sepa 

rates the frequencies used by POTS, from 0 to 4 kHZ, from 
the frequencies used by the system. It also extracts the loW 
level receive signal from the combined high level transmit 
signal and the loW level receive signal. 
To reduce Nyquist effects on the signal the analog 

received signal is loW-pass ?ltered before it is fed into the 
PGA (Programmable Gain Ampli?er). 
The PGA is necessary to make best use of the dynamic 

range of the ADC. In this system, the dynamic range should 
be at least 66 dB. 

After the signal has been converted to digital format, the 
synchroniZation and the FFT block receives the data. 

In the synchroniZation block, a frame clock (for the 
control of the FFT buffers) and a control signal for the 
VCXO is generated. Initially, the synchroniZation block 
retrieves the frame clock from the sampled signal. The frame 
clock is then used for calculating the frame timing estimate 
and is transferred to the VCXO feed back controller. The 
VCXO generates the sampling clock (20 MHZ). 
A sampling clock, controlled only by the frame time 

estimate, is not suf?ciently accurate in a DMT system. 
Therefore, after the locking sequence, a dedicated pilot 
carrier is used to achieve a high sampling clock timing 
accuracy. 
A BSI-signal is also extracted from the pilot carrier. BSI 

is the Base SynchroniZation Interval timing signal used to 
synchroniZe the transmitter and receiver CCH communica 
tion. One of the novel aspects of the MUSIC system is the 
algorithm used by the synchroniZation block, Which is 
discussed in greater detail later in this speci?cation. 
A 2048 point real FFT is performed on the input frames 

in the FFT block. After this, resealing is performed, based on 
the energy loading parameters, before the data is transferred 
to the next block. 
The channel estimation and equaliZation are performed on 

the data output from the FFT block. All data frames are used 
for estimating the channel properties. These are then used to 
compute a bit-loading vector, determining the number of bits 
transmitted on each carrier. This information is subsequently 
sent to the transmitter through the upstream control channel 

(CCH). 
























